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[57] ABSTRACT

In a cathode assembly of a cathode ray tube, a cathode
having an emitter is inserted in a through-hole formed
in an insulator. The emitter is provided so as to face a
cylindrical electrode of a first grid at a predetermined
distance. A hole communicating with the through-hole
is formed at a longitudinal side of the insulator, and a
tubularly rising shelter is provided between the emitter
in the through-hole of the insulator and the hole. This
satisfies (EXB)—(CXE)4+-(CXD)—(AXD)=A. D,
where the height of the hole is A, the height of the
shelter 1s B, the length from the lower end of the shelter
to the head of the cathode is C, the length between the
cathode and the shelter is D, and the length between the
cathode and the insulator is E. The cathode assembly
prevents metal vapor, such as barium oxide of the cath-
ode and nickel or chromium of the sleeve, from spread-
ing through the hole of the insulator.

6 Claims, 5 Drawing Sheets
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CATHODE ASSEMBLY AND AN ELECTRON GUN
HAVING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a cathode assembly
used in an electron gun of a picture tube, and more
particularly, is an invention for preventing the spread of
metal vapor produced from near an emitter to a hole in
a cylindrical insulator.

2. Description of the Related Art

The picture tube used in a television receiver is called
a Braun tube or a CRT (cathode ray tube). An electron
gun and a phosphor screen are sealed in a funnel shaped
glass tube (glass envelope).

The cathode assembly constituting the electron gun
has the cathode inserted in the through-hole of the
cylindrical insulator such as ceramic, i a state sup-
ported by the sleeve holder. The emitter attached to the

front end of the cathode is affixed, at a predetermined
distance relative to the cylindrical electrode of the first

grid provided on the cylindrical insulator such as ce-
ramic. Further, by heating and activating the emitter,
hot electrons are emitted. The electron beam is acceler-
ated and controlled to converge by a plurality of cylin-
drical electrodes, including the first grid and the second
grid.

When the cathode assembly 1s operated and made to
emit hot electrons, the oxide constituting the emitter is
decomposed and gas is produced. While the glass enve-
lope where the cathode assembly is provided is main-
tained at a high vacuum state, the degree of vacuum
inside the through-hole of the cylindrical insulator lo-
cally falls due to the gas produced at the time of the
activation of the oxide, so holes are opened in the cylin-
drical insulator. Due to the provision of the holes, the
gas produced in the through-hole can be made to dis-
perse inside the glass envelope and the hot electrons can
be suitably emitted. _

However, since the cathode is operated at a high
temperature of close to 1000° C., the metal cylinder
(hereinafter referred to as the “sleeve”) constituting the
cathode is heated and therefore metal vapor is pro-
duced. Further, this metal vapor spreads to the outside
of the cathode assembly from the holes opened in the
cylindrical insulator. It deposits on the cylindrical insu-
lator of the other adjoining cathode assembly.

In this way, if the metal vapor spread from the holes
deposits on the outer surface of an insulator such as
ceramic, there is a danger of conduction between. the
sleeve holder supporting the cathode and the cylindri-
cal electrode of the first grid etc. or the spacer provided
between the sleeve holder and the cylindrical electrode
and therefore the function of the electron gun is im-
paired.

It is true that if the holes are not made in the long side
of the cylindrical msulator, but made in the short side,
the spreading of the metal vapor from the holes will not
become a cause of leakage, but with this structure, it is
not possible to ensure a sufficient area of the opening of
the holes and further the strength of the cylindrical
insulator is lowered, so this is not practical.

SUMMARY OF THE INVENTION

The present invention has been made in consideration
of the above problems in the prior art and has as its
object the prevention of spreading of the metal vapor,
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2

such as bartum oxide of the cathode and nickel or chro-
mium of the sleeve, through the holes of the cylindrical
insulator.

To achieve the above objects, the cathode assembly
of the present invention comprises a cylindrical insula-
tor having a hole; a cathode surrounded by the insulator
and having a metal portion; and a shelter provided
between the hole and the cathode for preventing the
metal vapor from spreading through the hole.

Further, to achieve the above objects, the electron
gun of the present invention comprises a cathode assem-
bly comprising a cylindrical insulator having a hole; a
cathode surrounded with the insulator and having a
metal; a shelter provided between the hole and the
cathode for preventing the metal vapor from spreading

through the hole; and a plurality of grids.
Preferably, it satisfies

(EXB)~(CXE)+(CXD)Z(AX D)

wherein the height of the hole is A, the height of the
shelter 1s B, the length from the lower end of the shelter
to the head of the cathode is C, the length between the
cathode and the shelter is D, and the length between the
cathode and the insulator is E.

When the cathode having the emitter is actuated, the
oxide is activated and hot electrons are emitted. At the
same time as this, the sleeve is also heated to a high
temperature and metal vapor is produced. This metal
vapor tries to spread outside from the hole of the cylin-
drical insulator, but with the cathode assembly of the
present invention, a shelter is provided between the
emitter and the hole, so the metal vapor is stopped by
the shelter and will not spread outside.

In particular, since the cathode assembly is set to a
high vacuum state, the metal vapor spreads linearly and
therefore if the cathode assembly is constituted so that
when the height of the hole is A, the height of the shel-
ter is B, the length from the lower end of the shelter to
the head of the cathode is C, the length between the
cathode and the shelter is D, and the length between the

cathode and the insulator is E, the following equation is
satisfied:

(EXB)—(CXE)+(CXD)=(aXD)

the metal vapor will be completely stopped by the shel-
ter.

BRIEF DESCRIPTION OF THE DRAWINGS

The above-mentioned objects and features of the
present invention will become clearer by the following
description, given in relation to the accompanying
drawings, wherein: -

FIG. 1 is a side view of a picture tube of a television
receiver according to an embodiment of the present
invention.

FIG. 2A is a bottom view of a cathode assembly
according to an embodiment of the present invention,
FIG. 2B 1s a side view of the same.

FIG. 3A 1s a side view of a cathode assembly accord-
ing to an embodiment of the present invention, and
FI1G.3B is a front view of the same.

FIG. 4A is a sectional view along the line I—I of

FIG. 3B, and FIG. 4B is a sectional view along line
II—II of FIG. 3A. |
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FIG. 5 is an enlarged sectional view of FIG. 4A,

which sectional view explains the dlmenswnal condi-

tions of the shelter.

DESCRIPTION OF THE PREFERRED |
| -~ EMBODIMENTS

Below, an embodiment of the present invention will

‘be explained based on the drawings.

The picture tube used in a television receiver is called

a Braun tube or a CRT (cathode ray tube). As shown in

FIG. 1, an electron gun 8 and a phosphor screen 9 are

sealed in a funnel shaped glass tube (glass envelope).

The glass envelope 7 comprises a cone portion Ta

which flares outward and a thin cylindrical neck por-
~tion 7b as shown in the figure. At the bottom of the cone
portion 7a a phosphor is coated. The entire unit is evac-
uated to a vacuum. In the case of a color picture tube,

 three electron guns are provided in the glass envelope 7.
- Further, a shadow mask 10 is provided before the phos-

phor screen 9 so as to select the electron beams of the
different colors.

- On the other hand the electron gun 8 compnses
cathode assemblies for emitting electrons and a plurality
‘of cylindrical electrodes for bundling the flow of elec-
trons into the electron beam, accelerating this to a high
~ speed, and making it converge on the phosphor screen.

10

15

20

3,424, 606

As shown in FIG. 4A and FIG. 4B, the catho&e
assembly of the present embodiment has a cathode 2,
which cathode 2 comprises of an emitter 1 which emits =
hot electrons and a sleeve 17 provided with the heater
16 1nside it. The sleeve 17 is a substantially cylindrical
metal body having a large diameter portion and a small
diameter portion. At the front end 1s attached an emutter
1 through a cap 20. | |

For example, the emitter 1 is coated with an 02{1de

composed principally of barium oxide. The emitter 1 is
heated at temperatures on the order of 750° to 800° .
by the heater, and activated and emits hot electrons.
- To affix the sleeve 17 having the emitter 1 and the
heater 16 to the cylindrical insulator 3 such as ceramic,
a sleeve holder 18 is welded to the insulator 3. The
sleeve holder 18 is a tubular metal body formed with a
tflange 18¢ as a welding margin. It is formed to an inner
diameter corresponding to the outer diameter of the
large diameter portion of the sleeve 17 and is inserted
over the sleeve 17 and affixed by welding etc.

On the other hand, the cylindrical insulator 3 has 2

' through-hole 4 opened in the axial direction of the

25

In the case of a color picture tube, for example, the

- three electron beams emitted, controlled, accelerated,
and converged from the electron guns 8 are deflected

- by a deflection yoke 11 to scan the entire surface of the

phosphor screen 9.

The deflection yoke 11 consists of a pair of coils: a
honizontal deflection coil and a vertical deflection coil.

For example, the horizontal deflection coil is wound on
the inside and the vertical deflection coil is wound on
the outside. In particular, with an in-line picture tube

30

sleeve 17. At the top surface of the through-hole 4 is
soldered a cylindrical electrode constituting the first

grid G1. Further, at the cylindrical insulator 3 at the

outer circumference of the first grid G1 is soldered a
spacer 19 for ensuring a distance from a second grid G2. -
At the top surface of the spacer 19 is attached a cylindri-
cal electrode constituting the second grid G2 by la.ser_
welding, for example. | .

~ In the cylindrical insulator 3 such as ceramic, there
are formed holes 5 at the long side thereof as shown in

- FIG. 2A, FIG. 3B and FIG. 4A so as to dlscharge to the

~outside the gas produced when the emitter 1 is acti-

35

used for home television receivers (a picture tube with

three electron guns arranged in a lateral line, used for
color televisions), wide use is made of an in-line yoke
having a horizontal deflection magnetic field of a pin-
cushion shape and a vertical deflection magnetic field of

a barrel shape. This corrects the shape of the rasters and

improves the precision of the convergence.

The cathode assembly constituting the electron gun
~ 8, as shown in FIG. 2A and FIG. 2B, has the cathode
inserted in the through-—hole of the cylindrical insulator
3 such as ceramic, in a state supported by the sleeve

holder 18. The emitter attached to the front end of the -

“cathode 1s affixed, at a predetermined distance relative
to the cylindrical electrode of the first grid G1 provided

on the cylindrical insulator 3 such as ceramic. Further,

by heating and activating the emitter, hot electrons are
- emitted. The electron beam is accelerated and con-
trolled to converge by a plurality of cylindrical elec-
trodes, mcludmg the first grid G1 and the second grid
G2. |
When the cathode. assembly is operated and made to
emit hot electrons, the oxide constituting the emitter is
decomposed and gas is produced. While the glass enve-
lope where the cathode assembly is provided is main-
tained at a high vacuum state, the degree of vacuum
inside the through-hole of the cylindrical insulator lo-
cally falls due to the gas produced at the time of the
activation of the oxide, so holes 5 shown in FIG. 2A and
FIG. 3B are opened in the cylindrical insulator 3. Due
to the provision of the holes 5, the gas produced in the

40

vated. The holes 5 communicate with the above-men-
tioned through-hole 4. = |
Usually, the inside of the glass enveIOpe of the telew-
sion receiver having the cathode assembly is held at a
hlgh vacuum state, so it is preferable to open large holes
S in the cylindrical insulator 3 to discharge the gas of
the oxide produced in the through—hole 4 of the insula-
tor 3 to the outside, that is, in the glass envelope. How-
ever, the insulator must have a thickness more than 0.5

- mm, and 1f the holes 5 are set to large openings, the

43

strength of the insulator 3 falls, so it is preferable to set

- the openings in a range in which the strength can be

50

53

ensured.

Further, as mentioned above, to activate the emitter 1
such as oxide, it is necessary to heat it to a high tempera-
ture close to 1000° C. by the heater 16, so the sleeve 17
accommodating the heater 16 is also heated at a high
temperature at the same time as the operation of the
cathode 2. Due to this heating, metal constituting the
sleeve 17 is vaporized and becomes a vapor which
spreads outside. | |

In the present embodiment, a shelter 6 is provided
inside the through-hole 4 of the cylindrical insulator 3
so that the metal vapor does not spread outside. The
shelter 6 is made of an alloy including cobalt, iron, and.
nickel having a composition of 29% Nickel, 189 Co-
balt and the remainder is Iron and has a thickness of 50
pm. As shown in FIGS. 4A and 4B, it COmprises a

- tubular metal body which has a flange 6¢ for welding to -

65

through-hole can be made to disperse inside the glass

envelope and the hot electrons can be suitably emitted.

the sleeve holder 18 and rises along the axial direction
of the cathode 2. The shelter 6 is attached to the sleeve

holder 18 by aligning and welding the flange 18z of the
sleeve holder 18 and the flange 6a of the shelter 6 after

or before attachment of the cathode 2 to the sleeve
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holder 18 and is attached to the cylindrical insulator 3 in
that state.

In particular, since the inside of the glass envelope of
the television picture tube with the cathode assembly is
in a high vacuum state, the metal vapor spreads linearly.
Based on this point of view, in the present embodiment,
the relationship between the height B (=1.2 mm) of
shelter 6, the height A (=0.6 mm; because of the manu-
facturing error and the strength of the insulator al-
though calculation is A=1) of the hole 5, the length C
(=1.5 mm) from lower end of the shelter 6 to head of
the cathode 2, the length D (=0.3 mm) between the
cathode 2 and the shelter 6, and the length E (=0.5 mm)
between the cathode 2 and the insulator 3 (as shown in
FIG. 5) is set as shown in the following equation (1):

(EXB)—(CXE)4+(CXD)=(AXD) (1)
When there are manufacturing errors and other toler-
ances in the height B of the shelter, the height A of the

hole, the length C from the lower end of the shelter to
the head of the cathode, the length D between-the cath-
ode and the shelter, and the length E between the cath-
ode and the insulator, the following equation (2) is pref-
erable.

That is, owing to the manufacturing errors and other

tolerances of each part constituting the cathode assem-
bly,

(EMAXYX BMIN) —(CMAX X EMAax)+(CMAX-

X DpgrN) = (Apmax X Dain) (2)

wherein, the minimum value of the height B of the
shelter is Bpsrn, the maximum value of the height A of
the hole is A4y, the maximum value of the length C

from the lower end of the shelter to the head of the
cathode is Carqy, the minimum value of the length D

between the cathode and the shelter 1s Dasrn, and the

maximum value of the length E between the cathode
and the insulator is Ep4y.

If the shelter 6 is formed at a height greater than
Basn satisfying this equation (2), then the metal vapor
spreading from near the emitter can be completely
stopped by the shelter 6.

Next, the mode of operation will be explained.

If the cathode 2 having the emitter 1 1s actuated, the
oxide is activated and hot electrons are emitted. At the
same time as this, the sleeve 17 is also heated to a high
temperature and metal vapor is produced. This metal
vapor tries to spread outside from the hole of the cylin-
drical insulator 3, but with the cathode assembly of the
present invention, since the tubularly rising shelter 6 is
provided between the emitter 1 and the holes 5, the
metal vapor is stopped by the shelter 6 and will not
spread outside. .

In particular, since the cathode assembly 1s set to a
high vacuum state, the metal vapor spreads linearly and
therefore if the cathode assembly 1s constituted so that

when the height of the hole is A, the height of the shel-
ter is B, the length from the lower end of the shelter to

the head of the cathode is C, the length between the

cathode and the shelter is D, and the length between the
cathode and the insulator is E, the following equation is
satisfied:

(EXB)—(CX E)+(CX D)Z(AX D)

6

~ the metal vapor will be completely stopped by the shel-
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ter 6.

In this way, with the cathode assembly of the present
embodiment, since provision is made of a shelter in the
through-hole of the cylindrical insulator and the dimen-
sional relationship between the height A of the hole, the
height B of the shelter, the length C from the lower end
of the shelter to the head of the cathode, the length D
between the cathode and the shelter, and the length E
between the cathode and the insulator satisfies equation
(1) or equation (2), the spreading of the metal vapor of
the sleeve produced from the cathode to the hole of the
cyhindrical insulator is stopped by the shelter.

Therefore, no leakage occurs between the sleeve
holder 18 supporting the cathode and the cylindrical
electrode of the first grid G1 etc. or the spacer 19 pro-
vided between the sleeve holder 18 and the cylindrical
electrode.

Many widely different embodiments of the present
invention may be constructed without departing from

the spirit and scope of the present invention, and it
should be understood that the present invention is not

restricted to the specific embodiments described above.
What 1s claimed is:

1. A cathode assembly comprising:

a cylindrical insulator formed with a hole;

a cathode surrounded by the insulator and having a
metal portion; and

a shelter provided between the insulator and the cath-
ode,

such that the insulator, the cathode and the shelter
have a positional relationship for preventing metal
evaporated from the metal portion of the cathode
from spreading through the hole, where said cath-
ode has a head, said shelter has a lower end and

said positional relationship satisfies the following
formula:

(EXB)—(CXE)+(CXD)Y=(AXD)

in which
A defines a height of the hole:
B defines a height of the shelter:

C defines a length from the lower end of the shelter to
the height of the cathode;

D defines a length between the cathode and the shel-
ter; and

E defines a length between the cathode and the insu-
lator.

2. A cathode assembly as recited in claim 1 wherein

said shelter comprises an alloy including at least cobalit,
iron, and nickel elements.

3. A cathode assembly as recited in claim 1 wherein
said insulator is formed of a material comprising a ce-
ramic.

4. An electron gun comprising:

a cathode assembly comprising:

a cylindrical insulator formed with a hole;

a cathode surrounded by the insulator and having a

metal portion;

a shelter provided between the insulator and the cath-
ode such that the insulator, the cathode and the
shelter have a positional relationship for prevent-
ing metal evaporated from the metal portion of the
cathode from spreading through the hole; and

a plurality of grids for assisting in controlling an elec-
tron beam generated by said cathode assembly,
wherein said cathode has a head, said shelter has a
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- lower end and said positional relatlonshlp satlsﬁes D defines a length between the cathode and the shel-
the following formula: | ter; and
- . E defines a length between the cathode and the 1nsu--
_(Exﬁ)—(cx-E)_Jr(cx_D)g(A XD) I lator. _ _
o . - I | 5 3. An electron gun as recﬂ:ed in claim 4 wherein said
in which | N - shelter comprises an alloy including at least cobalt 1Iron,
A defines a height of the hole; - : and nickel elements.
‘B defines a height of the shelter; | | 6. An electron gun as recited in claim 4 wherem said:
C defines a length from_ the lower end of the shelter to msulator is formed of a material cCoOmprising a ceramic.
the head of the cathode; | - 10 T | |
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